Published in the February 2013 issues of NSTA’s K–12 journals

The
Next Generation
Science Standards
and
the Life Sciences
The important features of life science standards for
elementary, middle, and high school levels
Rodger W. Bybee

P

ublication of the Next Generation Science Standards will be just short
of two decades since publication of the National Science Education
Standards (NRC 1996). In that time, biology and science education
communities have advanced, and the new standards will reflect
that progress (NRC 1999, 2007, 2009; Kress and Barrett 2001).
Just as earlier standards influenced state-level standards, assessments,
and science teachers at all levels, so too will the Next Generation Science
Standards (NGSS).
Using the life sciences, this article first reviews essential features of the
NRC Framework for K–12 Science Education that provided a foundation for
the new standards. Second, the article describes the important features of life
science standards for elementary, middle, and high school levels. Finally, I
discuss several implications of the new standards. This article extends other
discussions of biology and the Next Generation Science Standards (see Bybee
2011b, 2012) and other publications for science teachers (Willard et al. 2012).
Core ideas for the life sciences consist of the following: From Molecules to
Organisms, Ecosystems, Heredity, and Biological Evolution. The following
sections describe the core and component ideas for K–12 life sciences (NRC
2012) in greater detail.
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D i s c i p l i n a r y co re i d e a s fo r t h e l i fe
s c i e n ce s
Core Idea 1: From molecules to organisms:
Structures and processes
This core idea addresses the characteristic structures of
organisms. Individual organisms also accomplish specific
functions to support life, growth, behavior, and reproduction. This core idea centers on the unifying principle that
cells are the basic unit of life. This core idea includes the
following component ideas.
Structure and function: Beginning with cells as the basic
structural units of life, organisms present a hierarchy of
structural systems and subsystems that perform specialized

functions. A central problem of biology is to develop explanations for functions based on structures and the reciprocal—to
explain the complementarity of structures and functions
among an organism’s systems and subsystems.
Growth and development of organisms: As organisms grow
and develop their anatomy and morphology (structures),
processes from the molecular to cellular to organism-level,
as well as behaviors, change in predictable ways. Central to
understanding growth and development of organisms are
the concepts of cell division and gene expression.
Organization for matter and energy flow in organisms: Organisms require matter and energy in order to live and grow.
In most cases the energy needed by organisms is derived
from the Sun through photosynthesis. As a result of chemi-

Essentials of A Framework for K–12 Science Education
A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas (NRC 2012) presents fundamental concepts and practices for the new standards
and implied changes in K–12 science programs. The
Framework describes three essential dimensions: science
and engineering practices, crosscutting concepts, and
core ideas in science disciplines. In this article, the core
disciplinary ideas are from the life sciences.
The scientific and engineering practices have been
discussed in earlier NSTA publications (Bybee 2011a) and
are summarized below.

Practices for K–12 science curriculum
1. Asking questions (for science) and defining problems
(for engineering)
2. Developing and using models
3. Planning and carrying out investigations
4. Analyzing and interpreting data
5. Using mathematics and computational thinking
6. Constructing explanations (for science) and designing
solutions (for engineering)
7. Engaging in argument from evidence
8. Obtaining, evaluating, and communicating information
The second dimension described in the NRC Framework
is crosscutting concepts. These too have been discussed
in an earlier NSTA article (Duschl 2012) and are summarized here.

Crosscutting concepts for K–12 science
education
1. Patterns. Observed patterns in nature guide organization and classification and prompt questions
about relationships and causes underlying the
patterns.
2. Cause and effect: Mechanism and explanation. Events
have causes, sometimes simple, sometimes multifaceted. Deciphering causal relationships and the
mechanisms by which they are mediated is a major
activity of science.
3. Scale, proportion, and quantity. In considering phenomena, it is critical to recognize what is relevant
at different sizes, times, and energy scales and to
recognize proportional relationships between different quantities as scales change.
4. Systems and system models. Delimiting and defining the system under study and making a model
of it are tools for developing understanding used
throughout science and engineering.
5. Energy and matter: Flows, cycles, and conservation.
Tracking energy and matter flows, into, out of, and
within systems, helps one understand a system’s
behavior.
6. Structure and function. The way an object is shaped
or structured determines many of its properties and
functions.
7. Stability and change. For both designed and natural
systems, conditions of stability and what controls
rates of change are critical elements to understand.
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Interdependent relationships in ecosystems: An ecosystem includes both biomechanisms to detect, logical communities (biotic) and physical
(abiotic) components of the environment.
Ecosystems continually change due to the
process, and use
interdependence of biotic and the abiotic
elements of the environment. As organinformation about
isms seek matter and energy to sustain
the environment. That life, the interactions may be represented
as food webs.
information contributes
Cycles of matter and energy transfer in
Core Idea 2: Ecosystems:
ecosystems: Interactions among organisms
Interactions, energy, and dynamics
to an organism’s
and the physical environment influence
This core idea includes organisms’ interthe cycling of matter and flow of energy
actions with each other and their physical
survival, growth, and
in ecosystems. Plants require light energy
environment. Biologists develop explanafor photosynthesis—a chemical reaction
tions for how organisms obtain resources,
reproduction.
that produces plant matter from air and
how they change their environment, how
water. As animals meet their need for food,
changing environmental factors affect orthe chemical elements that make up organisms are combined
ganisms and ecosystems, how social interactions and group
and recombined as those chemical elements pass through food
behavior play out within and between species, and how
webs. The cycling of matter and flow of energy through ecosysthese factors all combine to determine ecosystem functiontems conserve matter and energy through the many changes.
ing. This core idea includes the following component ideas.
cal changes, energy is transferred from one
system of interacting molecules to another
and across different organizational levels
from cells to ecosystems.
Information processing: Organisms have
mechanisms to detect, process, and use
information about the environment. That
information contributes to an organism’s
survival, growth, and reproduction.

Organisms have

F i g u re 1

An example of a performance expectation for elementary school life sciences with
supporting content from the foundation box and connection box.

9

Ecosystem dynamics, functioning, and resilience: Dynamics
of ecosystems result from changes in populations of organisms through time and changes in physical environments.
The dynamics of ecosystems result in shifts such as changes
in the diversity and numbers of organisms, the survival or
extinction of species, the migration of species, and the evolution of new species. Changes in ecosystems can result from
natural processes and human activity. The resilience of an
ecosystem is a function of greater or lesser biodiversity.
Social interactions and group behavior: Organisms ranging
from unicellular slime molds to humans demonstrate group
behavior. Group behavior can be explained by its survival
value for individuals.

Core Idea 3: Heredity: Inheritance and variation
of traits
This core idea focuses on the flow of genetic information between generations. It explains the mechanisms
of genetic inheritance and describes the environmental
and genetic causes of gene mutation and the alteration

of gene expression. This core idea includes the following component ideas.
Inheritance of traits: Heredity refers to the processes by
which characteristics of a species are passed from one generation to the next. Heredity explains why offspring look like,
but are not identical to, parents.
Chromosomes carry the genetic information for a species’
characteristics. Each chromosome consists of a single DNA
molecule, and each gene is a particular segment of DNA.
DNA molecules consist of four building blocks called nucleotides that form a linked sequence. The specific sequence of
nucleotides constitutes a gene’s information. Through cellular processes, that genetic information forms proteins, which
build an organism’s characteristics.
Variation of traits: Genetic and environmental factors
produce variations of traits within a species population.
Variation in traits can influence the development, appearance, behavior, and ability of organisms to produce offspring.
The distribution of variations of traits in a population is an
essential factor in biological evolution.

F i g u re 2

An example of a standard for middle school life sciences with supporting content
from the foundation box and connection box.
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Core Idea 4: Biological evolution: Unity and diversity
This core idea uses “changes in the traits of populations of organisms over time” to explain species’ unity and diversity. Biological evolution is supported by extensive scientific evidence
ranging from the fossil record to genetic relationships among
species. This core idea includes the following component ideas.
Evidence of common ancestry and diversity: Biological
evolution results from changing environmental factors and
the subsequent selection from among genetic variations in a
population that across generations changes the distribution
of those characteristics in that population.
Common ancestry and diversity are supported by multiple
lines of empirical evidence including the fossil record, comparative anatomy and embryology, similarities of cellular processes
and structures, and comparisons of DNA sequences between
species. Recent advances in molecular biology have provided new
empirical evidence supporting prior explanations for changes in
the fossil record and links between living and extinct species.
Natural selection: As environments change, organisms with
variations of some traits may be more likely than others to survive and reproduce. Genetic variation in a species makes this
process of natural selection possible. In time, natural selection
results in changes in the distribution of certain traits. That is,
selection leads to an increase of organisms in a population with
certain inherited traits and a decrease in other traits.
Adaptation: Natural selection is the mechanism by which
species adapt to changes in resources or the physical limits and
biological challenges an environment imposes. In the course
of many generations adaptation can result in the formation
of new species. If a population cannot adapt due to a lack of
traits that contribute to survival and reproduction, the species
may become extinct.
Biodiversity and humans: Biodiversity is the multiplicity of
genes, species, and ecosystems. It provides humans with renewable resources and benefits such as ecosystem services. Biological
resources must be used within sustainable limits or there will be
detrimental consequences such as ecosystem degradation, species
extinction, and reduction of ecosystem services.
The four core ideas for the life sciences have a long
history and solid foundation as the basis for the life sciences in school programs (Hurd 1961; Bybee and Bloom
2008; BSCS 1993). These core ideas extend and elaborate
those established K–12 science education standards:
National Science Education Standards (NRC 1996) and
Benchmarks for Science Literacy (AAAS 1993). The ideas
also incorporate the Science College Board Standards for
College Success (College Board 2009), and the ideas are

________________________________

consistent with frameworks for national and international assessments.

F ro m t h e F ra m ewo r k t o s t a n d a rd s

The NRC Framework provided guidance for developing
standards through 13 recommendations designed to ensure fidelity to the Framework and serve as direction for
the development of standards. For this discussion the
following summarizes the NRC recommendations for
standards development.
The standards should:
uu

Set rigorous goals for all students.

uu

Be scientifically accurate.

uu

Be limited in number.

uu

Emphasize all three dimensions.

uu

Include performance expectations that integrate the
three dimensions.

uu

Be informed by research on learning and teaching.

uu

Meet the diverse needs of students and states.

uu

uu
uu

uu

Have potential for a coherent progression across grades
and within grades.
Be explicit about resources, time, and teacher expertise.
Align with other K–12 subjects, especially the Common
Core Standards.
Take into account diversity and equity (NRC 2012).

Given the criteria and constraints for developing life
science standards, a working group of biology teachers and
other educators developed standards for the four unifying
concepts and component ideas.* Figures 1 through 3 are
example standards for elementary, middle, and high school
life sciences, respectively.
The architecture seen in Figures 1 through 3 (pp. 27, 28,
and 30–31, respectively) requires clarification. The titles
“From Molecules to Organisms: Structures and Processes,”
“Biological Evolution: Unity and Diversity,” and “Biological Evolution: Unity and Diversity,” represent one standard
each for elementary, middle, and high school life sciences.
The standards include the performance expectations in the
top portion, identified as “3-LS1-a,” “MS-LS4-f,” and “HSLS4-b” and “HS-LS4-d” in the three figures, respectively.
The performance expectations are formed by combining

* The NGSS life sciences team, co-chaired by Rodger Bybee and Brett Moulding, included contributions from the following individuals:
Zoe Evans, Kevin Fisher, Jennifer Gutierrez, Chris Embry-Mohr, Julie Olson, Sherry Schaaf. Preliminary work for the National Research
Council was compiled by Kathy Comfort, Danine Ezell, Bruce Fuchs, and Brian Reiser.
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a science and engineering practice, disciplinary core idea,
and crosscutting concept.
Immediately beneath the performance expectations,
you see the foundation box consisting of three sections,
one each for science and engineering practices, disciplinary core ideas, and crosscutting concepts. These three
columns present content from the Framework and serve as
a reference for the performance expectations in the standard. You should note the relationship between “3-LS1-a,”
“MS-LS4-f,” and “HS-LS4-b” and “HS-LS4-d” before the
performance expectations and at the end of statements in
the foundation box. Descriptions in the foundation box
answer the questions:
uu

uu

What are the essential knowledge and abilities of the
performance expectations?
What are the specific details of the practices, disciplinary core ideas, and crosscutting concepts that students
should know and be able to do?

uu

What should be emphasized in the science curriculum
and classroom instruction?

The performance expectations are learning outcomes,
not instructional activities, and they are the basis for assessments. One should note that along with content in
the foundation box, they may be the point of departure
for backward design of curriculum instruction (Wiggins
and McTighe 2005).
The three examples displayed in Figures 1–3 serve
another purpose in this discussion. That purpose is to
show a learning progression from elementary school to
high school for biological evolution. Although elementary students are not expected to learn the mechanisms
of natural selection, they learn about heredity and the
variation of traits—concepts fundamental to biological
evolution described in greater detail in the middle and
high school life science standards.
Here, I note that other standards, for example about
interdependent relations in ecosystems, also contribute

F i g u re 3

An example of a standard for high school life sciences with supporting content from
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to an elementary student’s conceptual foundations for
biological evolution.

F ro m s t a n d a rd s t o c u r r i c u l u m a n d
instruction

From the late 1980s to the early 2000s, teachers of K–12
science and the larger science education community
have witnessed an era of standards-based reform. Basically, the idea is to develop clear, comprehensive, and
challenging goals for student learning. Review, for example, the aforementioned guidelines for developing
the Next Generation Science Standards. Beyond learning
goals, the implicit assumption is that standards would
result in greater alignment among other components
of the educational system—curriculum, instruction,
assessments, and the professional development of
teachers.
In 2001, Elementary and Secondary Education Act
(ESEA) legislation—No Child Left Behind (NCLB)—

the foundation box and connection box.

established assessment as an emphasis in the educational
system. This shift in emphasis has significantly influenced
the systems’ components. Assessment has been a primary
concern of educators, and curriculum and instruction
have been secondary, at best. This shift to NCLB and
priorities of English language arts and math has had the
unintentional consequence of reducing or eliminating
science in elementary schools. I believe we have gone directly from standards to assessments without addressing
curriculum and instruction as the teaching and learning
connection.
Relative to the Next Generation Science Standards, I am
particularly concerned about questions science teachers
frequently ask: Where are the curriculum materials that
will help me implement the standards in my classroom?
And will assessments change? These are both critical
questions. There are several initiatives relative to assessment or NGSS, but few discussions of new instructional
materials.
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I cannot emphasize enough
the need for clear
and coherent
curriculum and
instruction that
connects the Next
Generation Science
Standards and assessments. Curriculum materials
will be the missing link if they
are not developed
and implemented. The absence
of a curriculum
based on the new
standards will
be a major failure in this era of
standards-based
reform and assessment-dominated results. When science
teachers at all levels K–12 ask—“Where are the materials
that help me teach to the standards?”—the educational
system must have a concrete answer.
The instructional materials may be adapted from
current programs, provided by states, or developed
by organizations. They may come as hardback books,
e-books, or other electronic forms; but, they must be
available. At a minimum, model units are needed. Arguing for a coherent curriculum based on the standards
is not new. Indeed, there is a long history of curriculum
serving an essential role in science teaching. If there is
no curriculum for teachers, I predict the standards will
be implemented with far less integrity than intended
by the Framework and those who developed the Next
Generation Science Standards.

When science teachers
at all levels K–12 ask—
“Where are the materials
that help me teach to
the standards?”—the
educational system
must have a concrete
answer. The instructional
materials may be
adapted from current
programs, provided by
states, or developed by
organizations.

Co n c l u s i o n

The Next Generation Science Standards likely will influence K–12 science teaching for at least a decade, longer
if recent history is any indication. This article uses the
life sciences as the context for discussion of important
content, some challenges, and several opportunities
faced by K–12 teachers of science. n
Rodger W. Bybee (rodgerwbybee@gmail.com) is a past executive director of the Biological Sciences Curriculum Study.
He served as Design Team Lead for the NRC Framework
and currently serves as NGSS Writing Team Co-Leader for
Life Sciences.
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